The aim of this study is a comparative analysis of the costs of production of intensively and extensively fed porkers in view of the qualitative parameters of meat obtained after slaughter. The production experiment, which involved the parallel fattening of 3 groups of 30 porkers (fed intensively up to a weight of about 120 kg and extensively up to weights of about 100 kg and 120 kg), was carried out between 2011 and 2012 in a deliberately selected farm. The researchers assumed average prices of the means of production and prices of livestock pigs in individual meatiness classes noted in Poland in 2012. The fattening started when the animals weighed about 40 kg. The feeds used for extensive fattening contained less total protein, energy and basic exogenous amino acids, but more raw fibre. The analysis proved that the extensive production of porkers up to 100 kg in 2012 was not profitable. The most profitable production was the intensive production up to 120 kg (a profit of €0.100 per kg, whereas in the extensive feeding up to 120 kg the profit was €0.072 per kg. The porkers which were fed less intensively had a higher slaughter value, thinner fatback, higher dressing percentage and smaller content of fatback in the half-carcase, whereas their meat contained more water and less protein, fat and ash than the meat from the group of porkers fed with the mix richer in protein and energy.
Introduction
Pork is the most commonly consumed meat around the world, but in the near future we should expect further decreases in the growth rate of meat production and further increases in the significance of poultry at the expense of beef and, to an extent even larger than now, at the expense of pork. Undoubtedly, this situation will be favoured by the lower production costs of poultry meat and the process of the replacement of pork with poultry meat, chiefly due to the fact that poultry meat is regarded as healthier than red meat (beef and pork). This process can be observed in Poland, where the population of pigs has been falling rapidly since 2006 (from 18.88 million to 11.13 million pigs at the end of 2012, a decrease of more than 41% (Central Statistical Office 2006 , Central Statistical Office 2012 to the level of the 1950s. The diminishing of the pig population by as much as half has taken place in almost all Eastern European countries, but in Poland it occurred latest. The causes of the situation can be explained through aspects such as the strong fragmentation of production, low productivity of sows, high consumption of feeds, and low standards of agricultural counselling (Pepliński et al. 2012) , resulting in the low competitiveness of those countries on both domestic and international markets. In view of this fact, farmers in those countries should seek alternative markets for their products. In Poland many small producers still produce pigs using traditional methods. If separate channels of processing and distribution are organised and if there is appropriate certification and control, there is a chance to create a new segment in the market, which will be a good alternative to organic products, which are on average 30-50% more expensive than conventional food (Komorowska 2009 ). Large agricultural enterprises should also be involved in the production of pigs with traditional methods as they may supply large homogenous batches of animals for slaughter.
The aim of this study is a comparative analysis of the costs of production of intensively and extensively fed porkers in view of the qualitative parameters of meat obtained after slaughter.
Materials and methods
The production experiment, which involved the parallel fattening of 3 groups of 30 porkers (fed intensively up to a weight of about 120 kg and extensively up to weights of about 100 kg and 120 kg), was carried out between 2011 and 2012 in a deliberately selected farm.
The piglets, a crossbreed of Large Polish White and Polish White Lop-Eared breeds, came from our own breeding farm. The fattening started on 30 October 2011 when the animals' average weights were 43.1 kg (aged 78 days), 48.4 kg (aged 86 days) and 47.6 kg (aged 85 days) respectively. The feeds used for extensive fattening contained less total protein, energy and basic exogenous amino acids, such as lysine, methionine, cysteine, threonine and tryptophan, but they contained more raw fibre. Table 1 shows a detailed specification of the feeds. The feeding plan assumed the consumption of feed for piglets at 50 kg per head (intensively fed porkers) and 52 kg per head (extensively fed porkers). At the second part of the experiment, the animals received another total mixed ration. The porkers were fed from automatic feeders with a wet feeding system and were bred without bedding. The fattening took place in a separate farm building with mechanical ventilation to meet animal welfare requirements.
The animals were weighed once a month, which enabled the differentiation of four fattening periods: the first period from 30 October 2011 to 28 November 2011, the second period from 28 November 2011 to 27 December 2011, the third period from 27 December 2011 to 30 January 2012 and the fourth period from 30 January 2012 to 27 February 2012. The animals were sold every second week from 30 January 2012 to 27 February 2012. During the first sale, all porkers from the extensive group were sold, which were to reach the weight of about 100 kg, and several porkers from the other groups were sold, which exceeded the weight of 120 kg. On 13 February 2012 all the other porkers from the intensive group and several porkers from the third group were sold. The rest of the animals were sold on 27 February 2012.
The analysis of profitability of all three of the variants of pig production was made for the farm where the experiment was carried out, with full cost accounting. The farm specialised in the production of cereals and porkers. On average it had 140 sows and supplemented its own production of piglets with 1190 piglets purchased from another farm. During one year it sold 3836 porkers and the analysis of production profitability was made on that number of animals. The costs were calculated by their type (Fig. 1) . The researchers assumed average prices of the means of production and prices of livestock pigs in individual meatiness classes noted in Poland in 2012. 
Research results
According to the assumptions of the experiment, the diversified composition of the feed resulted in different rates of growth among the porkers (Fig. 2) . A higher content of protein and energy and a lower content of raw fibre contributed to faster increases in the weight of intensively fed animals. In spite of having the lowest starting weight (around 5 kg lower) on the starting day of the experiment, as early as the first check measurement the average weight of intensively fed animals was higher than the weight of extensively fed animals. The tendency could also be observed in the period that followed. The smallest difference in the growth rate took place during the second period when the intensively fed porkers were 2-3 kg heavier than the others. During the last period under investigation, i.e. between 30 January 2012 and 27 February 2012, the intensively fed porkers grew 7.48 kg heavier within two weeks of feeding, whereas the extensively fed porkers from the weight group up to 120 kg grew only 11.53 kg heavier within the entire period. However, it is necessary to remember that the porkers from the above-mentioned groups were sold gradually, so not all animals were sold during the last period of sale from a particular group (except for the group of extensively fed porkers up to 100 kg). The average weights were as follows: 126.1 kg for the intensively fed porkers, 109.45 kg for the extensively fed porkers up to 100 kg, and 121.83 kg for the extensively fed porkers up to 120 kg. The total average weight gains were 83.00 kg, 61.05 kg and 74.23 kg within 105 days, 93 days and 114 days, respectively. The daily weight gain, which is shown in Figure 3 , is a more reliable measure in the case under analysis. The porkers' weight gain was not steady either in time or in individual groups. The intensively fed porkers had the highest weight gains, i.e. 0.787 kg per day vs. only 0.657 and 0.645 kg per day for the extensively fed porkers. As the animals' body weight increased, the weight gain dropped. The intensively fed porkers showed the highest weight gain during the first period of fattening, i.e. 0.853 kg per day, whereas during the third month of fattening the weight gain dropped to 0.757 kg per day. During the last two weeks of fattening, when the slowest-growing animals were left, the weight gain dropped to 0.620 kg per day. As far as the extensively fed animals are concerned, the highest gains were noted in the second month of the experiment when the daily weight gains were 0.734-0.730 kg, as opposed to 0.667-0.636 kg in the first month of fattening and 0.584-0.638 kg in the third month of fattening. The porkers' slow weight gain in the first month may suggest that younger animals react more strongly to a poorer feed than older animals, which results in greater loss for producers during that feeding period.
The nutrients in the feed are used for the following purposes (Pepliński et al., 2004) :
− animals' livelihood needs related to maintenance of vital functions, which depend on such factors as the temperature in the building, humidity and traffic intensity. During the experiment the animals were kept in the same building over the same period and in crates of similar size, meaning that the porkers were provided with similar conditions as regards their livelihood needs; − productive needs, which are related with the body weight gain. These needs are relatively steady for a particular species and breed of animals, so the experiment met this requirement as well.
The lower gain weight influences most livelihood needs per gain unit, as the time necessary for the body weight to grow by the unit is extended.
Another element that increases the consumption of feed in the extensive feeding group is the lower amount of nutrients, necessitating a higher intake of feed to provide the same amount of protein, energy, and so on.
When analysing different groups of animals, the increasing consumption of feed must be noted per kilogram of weight gain as the porkers grow older and heavier.
In the experiment in question, the lowest consumption of feed was observed in intensively fed porkers (Fig. 4) , where the average consumption was 3.06 kg of feed per kilogram of weight gain. The youngest animals consumed the least feed -2.73 kg/kg, whereas the highest consumption could be ob- served at the last stage of fattening, when it rose to 3.46 kg. As far as the extensively fed animals are concerned, at certain times their consumption of feed was higher; in the first month of the experiment it was about 5% higher, while in the following months of the experiment it was 8-10% higher than consumption by the intensively fed porkers. In consequence, the average consumption of feed in the group of extensively fed porkers up to 100 kg was 3.27 kg of feed per kilogram of weight gain, i.e. 6.8% more, whereas in the group of extensively fed porkers up to 120 kg, the consumption was 3.36 kg of feed per kilogram of weight gain, i.e. 9.8% more than in the intensive group.
From an economic point of view, the costs of feeds are the most significant, given that they can constitute as much as 60-75% of the total costs if cereals are priced very highly on the global market. In the groups of porkers under analysis, the costs of feed per kilogram of weight gain were less diversified than the consumption of feed (Fig. 5 ) and they fluctuated between 3.66 PLN per kilogram of weight gain in the group of extensively fed porkers up to 100 kg and 3.79 PLN/kg of weight gain in the group of extensively fed porkers up to 120 kg.
A slightly higher consumption of feed by extensive porkers in the first month of the experiment was compensated by the lower price of the feed, resulting in the cost of feed for both groups of porkers during that period reaching 0.13 and 0.28 PLN/kg of weight gain lower than in the intensive group. In the following months of fattening, a slightly higher growth of costs could be observed in the extensively fed porkers, so that in the third month of the experiment, the difference in costs amounted only to 0.03 PLN/kg of weight gain, and in the last month of the fattening, the costs of feed for the extensively fed porkers up to 120 kg were 0.07 PLN/kg higher than the costs of feed for the intensively fed porkers.
When the feeds consumed by sows and piglets used in the production were included in the starting weight in the experiment (about 45 kg), the lowest costs of feeds per kilogram of porkers sold turned out to be in the production up to 120 kg -both intensive and extensive groups. These were 4.15 PLN/ kg and 4.16 PLN/kg, respectively, whereas the cost of feeds in the extensive production up to 100 kg was 4.38 PLN/kg (Fig.  6 ). This result is primarily related to the fact that the costs of feeds consumed by sows are divided into a smaller amount of kilograms in the porkers. Similar tendencies were observed in the other costs of production (Figures 6 and 7) .
Due to the fact that the farm supplemented its own production of piglets with external purchases, considerable costs arise for the purchase of piglets as part of the production costs. In view of the deficit of piglets on the market and record-high prices, the cost of purchasing piglets were high for the farm under analysis, and ranged from 0.53 PLN/kg in the intensively fattened group up to 120 kg, to 0.65 PLN/kg in the extensively fattened group up to 100 kg.
Labour costs are also very significant in the production of porkers. In the analysis, the authors assumed the costs of labour equal to the average pay in the national economy in Poland, i.e. 14.95 PLN/hour. The lowest costs of labour were 0.37 PLN/kg in the intensive production up to 120 kg and 0.38 PLN/kg in the extensive production up to 120 kg, and 0.46 PLN/kg in the extensive production up to 100 kg.
The costs of veterinary and insemination treatment fluctuated between 0.16 and 0.19 PLN/kg, depreciation costs between 0.12 and 0.15 PLN/kg, costs of mechanisation works between 0.11 and 0.13 PLN/kg, and electricity costs be- The lowest total production cost, i.e. 5.70 PLN/kg, were found in the group of intensive production up to 120 kg, whereas the cost of extensive production up to 120 kg was 5.77 PLN/kg and the cost of extensive production up to 100 kg were as high as 6.30 PLN/kg. When the costs of production were corrected by the value of sows sold, the costs of production of porkers were 5.61 PLN/kg, 5.67 PLN/kg and 6.18 PLN/kg, respectively (Fig. 8) .
As far as extensive fattening up to 100 kg is concerned, the average sales price in 2012 (6.01 PLN/kg) did not fully cover the costs of production, which resulted in a loss of 0.17 PLN/kg. The production was cost-effective only at the time when the prices were the highest, i.e. in September and October 2012 in Poland. As far as intensive fattening up to 120 kg is concerned, the profit was 0.25 PLN/kg, whereas the profit from extensive fattening up to 120 kg was 0.39 PLN/kg.
Extensive fattening up to 120 kg was, the most profitability chiefly resulted from the higher sales price (6.06 PLN/kg) rather than from intensive fattening up to 120 kg (5.86 PLN/ kg. This was related to the fact that the porkers from this group achieved the highest average meatiness, i.e. 58.83%. Of 30 porkers that were sold, 11 were classified as class S, 1 as class U, and the other 18 as class E. The average meatiness of intensively fed porkers up to 120 kg was the lowest, i.e. 56.95%. Among the animals sold, 5 were in class S, 3 in class U, 2 in class R and the others in class E. The average price difference between meatiness classes in Poland is about 0.30 PLN/kg.
Tests of the meat quality proved that (depending on the place of measurement) the thickness of fatback in the porkers from the intensive fattening up to 120 kg was on average between 0.24 and 0.68 cm greater than in the carcases of the extensively fed porkers. 45 minutes after slaughter, the average pH values of both muscles under investigation were lower in the extensively fed porkers. However, the differences proved to be significant only in the SEM muscle (P≤0.05). In both groups of extensively fed porkers, the presence of PSE meat was found in about 10% of the carcases. On the other hand, DFD meat in the LD muscle was noted in 3.7% of the carcases of intensively fed pigs. In comparison with the intensive system in the LD muscle of extensively fed porkers up to 120 kg, there was a lower content of intramuscular fat and protein (by 0.44% and 0.71% respectively). The muscles of intensively fed porkers were slightly darker L* 46.28 in the group of intensively fed porkers, as opposed to 47.45 and 48.17 in the groups of extensively fed porkers up to 100 kg and 120 kg, respectively. Furthermore, in comparison with the carcases of the intensively fed porkers up to 120 kg, the meat from the carcases of the extensively fed porkers up to 100 kg and 120 kg exhibited worst water absorption (32.08% vs. 34.39 and 32.93% respectively) and higher natural exudate from the raw tissue (by 0.98% in the intensive group and 0.78% in the extensive groups) and from thermally processed tissue (by 3.72% in the intensive group and 3.46% in the extensive groups).
The smell, juiciness, tenderness and tastiness of the muscles of the porkers of both feeding systems received an average mark of higher than 4 points. The tenderness and tastiness were better in extensively fed porkers. On the other hand, the results of shearometric measurements of the muscles of the groups under investigation were similar (shear force from 27.14 to 28.33 N/cm 2 ).
Conclusions
1. The use of feeds with a smaller content of protein, energy and exogenous amino acids but with a higher content of fibre in feeding extends the fattening time, reduces porkers' daily body weight gain and increases the consumption of feed per kilogram of weight gain. 2. In the experiment, the costs of feed per kilogram of weight gain were similar in the groups of intensively and extensively fed porkers up to 120 kg, which suggests that the lower price of the feed fully compensated for the lower weight gains. 3. Reduced fattening time causes reduced average costs of production of porkers, due primarily to the higher weight of porkers sold, where fixed costs such as the cost of rearing piglets, depreciation costs, and so on are included. 4. The extensively fed animals up to 120 kg were the most profitable, because they had the highest meatiness. 5. The experiment shows that increased intensity of fattening is not economically justified in local Polish crossbreeds of pigs. 6. Tests of the quality of meat from extensively fed pigs showed that its qualitative parameters were more often worse than those of the meat from intensively fed pigs.
